Abstract: Accretion disks are the structures which mediate the conversion of the kinetic energy of plasma accreting onto a compact object (assumed here to be a black hole) into the observed radiation, in the process of removing the plasma's angular momentum so that it can accrete onto the black hole. There has been mounting evidence that these structures are accompanied by winds whose extent spans a large number of decades in radius. Most importantly, it was found that in order to satisfy the winds' observational constraints, their mass flux must increase with the distance from the accreting object; therefore, the mass accretion rate on the disk must decrease with the distance from the gravitating object, with most mass available for accretion expelled before reaching the gravitating object's vicinity. This reduction in mass flux with radius leads to accretion disk properties that can account naturally for the AGN relative luminosities of their Optical-UV and X-ray components in terms of a single parameter, the dimensionless mass accretion rate. Because this critical parameter is the dimensionless mass accretion rate, it is argued that these models are applicable to accreting black holes across the mass scale, from galactic to extragalactic.
Accretion disks are the generic structures associated with compact objects (considered to be black holes in this note) powered by matter accretion onto them. Their formation is a consequence of the fact that the specific angular momentum of the accreting matter at the outer boundary of the flow is larger than its Keplerian value on the accreting body vicinity. The role of the accretion disk is to rid this excess angular momentum of the disk plasma and allow it to accrete onto the gravitating compact object. This process is effected by viscous stresses which at the same time cause the heating of the accreting matter and emission of radiation with rather specific spectral characteristics.
The present article is not a review of accretion disks (the interested reader can consult several such reviews e.g., [1] ); instead, it aims to present alternatives to the more conventional accretion disk views which are driven by accumulating phenomenology of the spectroscopic properties of the winds that are ubiquitous in accretion powered compact objects. The hope is that these alternative views will lead to novel, fruitful insights on the structure of these systems. As such, this note focuses on only certain specific issues while ignoring many others along with some of the important works on the subject. Because it argues for the scale invariance of the accretion disk winds, it includes in the discussion properties of winds and accretion disks onto black holes of both Galactic X-ray binaries (XRB) and active galactic nuclei (AGN) to support the mass invariance by as large of mass range as possible. At the end, it is argued that, in their broader sense, the global spectral properties of accreting black holes can be accounted for in terms of a small number of parameters, if one is willing to accept certain facts associated with the general properties of their observed outflows obtained through X-ray spectroscopy.
Much of the work on accretion powered sources has been based on and influenced by the seminal work on the subject, namely that of Shakura and Sunyaev (hereafter SS73) [2] . This work assumes the disks to be steady-state, roughly Keplerian (v r v φ ), thin (h R) and in hydrostatic equilibrium in the vertical direction. The disk temperature is obtained by solving their thermal balance (local energy dissipation equals the energy radiated; see Section 2.1). The dissipation is effected by the viscous stresses, assumed to be proportional to the local gas pressure P (t rφ αP); α ∼ 0.1 is an unknown parameter to be determined by observation or simulation. The same viscous stresses serve also to transfer outward the excess angular momentum of the disk plasma, allowing its further accretion.
The usual assumption in most treatments is that all energy involved in the transfer of angular momentum is dissipated locally. However, one should note that since angular momentum cannot be destroyed and since essentially all the disk kinetic energy is stored in its angular motion, none of that energy could be dissipated. However, viscous stresses can dissipate circulation and presumably it is the dissipation of circulation that powers the observed radiation of accretion disks. Because in axisymmetry circulation has the same form as the non-dissipative angular momentum, one can speculate that the observed presence of dissipation in accreting objects involves non-axisymmetric fluid modes.
A further simplifying assumption generally made in modeling accretion disks is that the dissipated energy is thermalized, i.e., that the disk particles achieve a thermal distribution of temperature determined by energy balance, with the emitted radiation being of black body form. This then can determine the disk temperature radial profile: In steady-state disks (mass fluxṀ independent of time and radius) the local energy dissipation per unit area is proportional to 3GMṀ/8R 3 ; setting equal to σT 4 (black body emission), implies a disk temperature dependence T ∝ R −3/4 , with a multi-color flux density F ν ∝ ν 1/3 photons cm −2 s −1 (R denotes the cylindrical radial coordinate along the disk equatorial plane and r the spherical coordinate).
The innermost disk temperature can be estimated assuming that the emitting surface is roughly πr 2 ISCO (ISCO is short for the innermost stable circular orbit; for a Schwarzschild black hole r ISCO 3R S 10 6 M 0 cm, where R S = 2GM/c 2 is the Schwarzschild radius and M n = M/10 n M is the black hole mass in 10 n solar masses). An estimate of the disk highest temperature, then, requires a value of the disk luminosity. Because the maximum luminosity of an accretion powered source is generally considered to be the object's Eddington luminosity, L Edd 1.3 × 10 38 M 0 erg/s, the corresponding maximum disk temperature is T 10 7
The fact that quasi-thermal, multi-colo features at the corresponding temperatures were observed at approximately these energies in galactic XRBs and AGNs have established the SS73 disk as a ubiquitous structure in both these classes of sources.
However, besides these quasi-thermal, multi-color spectral components it was established, that a large fraction of these objects' luminosity is shared by a spectral component of power-law form that extends to energies E 100 keV, clearly inconsistent with that of thermal radiation by an accretion disk. In analogy with the Sun, this component was then attributed to the presence of a hot (T ∼ 10 8 -10 9 K) corona, overlaying the accretion disk [3] . Again, in analogy with the solar corona, this was proposed to be powered by magnetic fields that thread the accretion disk and dissipate part of its energy in this hot corona, which then Compton-scatters the disk thermal radiation to produce the observed high energy photons.
The advent of observations and data accumulation, then, established that the ratio of luminosities of these major accretion disk spectral components is not random but varies in a systematic way, generally with the contribution of the quasi-thermal disk component increasing with the objects' bolometric luminosity (a proxy for the accretion rateṀ) and that of the harder, power-law one waning. Thus, for AGN (where the multi-color component referred to as the Big Blue Bump (BBB) is in the UV/Optical band, well separated from the power-law X-ra component) it was found that the logarithmic flux slope between the UV (2500 Å) and 2 keV X-ray fluxes, the so-called α OX parameter, increases (in absolute value; it becomes more negative) with increasing source luminosity [4] .
A similar correlation appears to be present in XRBs between their multi-color disk component and their power-law X-rays (see [5] for a review). The reason for the observed correlation ( Figure 4 of [4] ), is not clear (we will present an account in Section 4) . Another open issue is the geometry of the X-ray emitting plasma relative to the BBB component. Earlier models based on emission by a magnetically powered corona, assumed that the X-ray emitting plasma was overlying the BBB emitting thin accretion disk. However, issues concerning the cooling of the corona electrons [6] , and the corresponding variability due to reprocessing of the X-rays on the thin disk [7] , appear to require refinement of this geometric arrangement.
Accretion disk theory got a big boost in the 90's with two significant developments: (i.) Balbus and Hawley [8] showed that a fluid rotating with angular velocity Ω and threaded by poloidal magnetic field is stable if dΩ 2 /dr > 0 (in disagreement with Rayleigh criterion for unmagnetized flows that demands d(Ω 2 r 4 )/dr > 0). According to this criterion, Keplerian accretion disks are unstable, with the magnetic field acting as the agent that helps mediate the transfer of angular momentum necessary for accretion to take place (for a pedagogical discussion of this instability and why it does not reduce to the Rayleigh criterion as the magnetic field goes to zero see [9, 10] ). (ii.) Narayan and Yi [11, 12] produced models of accretion disks that are optically thin and geometrically thick (h R), supported at each radius by the pressure of ions, referred to as Advection-Dominated Accretion Flows (ADAF). The rotational velocity of these disks is sub-Keplerian with v r v φ < ∼ v K .
The reason the ADAF disks are thick is that the proton cooling time (assuming they achieve at some radius r their virial temperature, i.e., kT p GMm p /r, heated both by the dissipation of the azimuthal motions and the pdV work of accretion) through Coulomb collisions with the cooler electrons, is longer than the local viscous time scale, which for h R is only α times longer than the free fall time t f f R/v r . Such thick flows, are therefore possible only for t cool > t visc . As shown in Section 2.2, the condition t cool > t visc reduces to a condition involving just the normalized accretion rate (see Section 2)ṁ < α 2 . It is interesting that this condition involves neither the mass of the object M nor the radius of the flow x (see however [12] for a weak x−dependence), implying that such flows are self-similar and scale free if expressed in normalized parameters. Flows withṁ < α 2 , if they start hot (i.e., with virialized protons), they will remain so all the way to the horizon of the accreting body with their azimuthal and radial velocities a fraction of the Keplerian one (v φ v r ∼ 0.7v K ). Because their disk height h R, they resemble spherical accretion; also, because their cooling time is longer than the advection time onto the accreting object, their radiative efficiency is reduced by a factor t visc /t cool ∼ṁ and the accretion luminosity L is no longer simply proportional toṁ but toṁ 2 . As such they are referred to as either ADAF or RIAF (Radiatively Inefficient Accretion Flows).
The great advantage offered by the ADAF paradigm is that it provides the hot electrons demanded by the hard X-ray observations of (galactic and extragalactic) black holes as a result of the general accretion flow dynamics, rather than as a corona, unrestricted by the dynamics of accretion and introduced so that it would accommodate the observations. The notion of ADAF, then, led to a hybrid picture for the spectral decomposition of galactic binary X-ray sources [13] (see Section 2.2).
Besides the above features, ADAF have an additional distinct property: Their Bernoulli integral, Be, the sum of their kinetic, thermal and potential energies per unit mass is positive, a fact noted in the original references on the subject [11, 12] ; therefore, these flows provide for the potential presence of outflows that are apparently ubiquitous in accretion powered sources [14] (this is not the case in SS73 disks whose internal thermal energy is radiated promptly away resulting in Be < 0). The reason for the positivity of Be was elucidated in a (very important in this author's opinion) paper by Blandford and Begelman [15] : The viscous stresses that transfer outward the fluid's angular momentum, so that it is allowed to sink deeper into the gravitational potential, transfer also mechanical energy (see Section 2.1); while in an SS73 disk this energy is radiated away on time scales shorter than its viscous time scale, in an ADAF it remains stored in the fluid for longer time, that being reason behind the positivity of Be.
The solution of the conundrum, offered in [15] , is that the excess energy and angular momentum are expelled off the disk in the form of a wind providing thus a combination of advection-dominated inflow -outflow solutions (ADIOS). This leaves the disk with less matter to accrete but with matter that it is now bound gravitationally, i.e., with Be < 0. As a result, the accretion rateṁ is no longer constant but depends on the (normalized) radius x = r/R S , i.e.,ṁ =ṁ(x) (R S is the black hole Schwarzschild radius). The authors of [15] did provide simple models of radius dependent winds with mass flux of the formṁ(x) ∝ x p and 1 > p > 0. The positive value of p implies that these flows eject to a wind most of the mass available for accretion at their outer edge, thereby the name ADIOS.
The structure of this article is as follows: In Section 2 we give a brief review of the structure of accretion disks and the modifications and effects introduced by the notion of ADAF and ADIOS. In Section 3 we outline the X-ray spectroscopic observations and indicate that they support winds and accretion disks of the form of ADIOS; we present and discuss the results of photoionization calculations of ADIOS-like MHD winds, to show they are consistent with the X-ray absorber observations. In Section 4 we indicate how these winds can reproduce the trend in α OX on luminosity in AGN and conclude in Section 5 with a brief summary of these results and conclusions.
The Physics of Accretion Disks

The Structure of Accretion Disks
The structure of accretion disks is given by the transfer of angular momentum, hydrostatic equilibrium in the direction perpendicular to the disk plane and the mass and energy flux conservations. Finally, the disk spectrum is computed assuming that all energy released locally is dissipated and emitted in black body form.
i. Hydrostatic equilibrium: This assumption of a thin disk implies
where Ω, V K are the disk Keplerian frequency and velocity; then the disk height read h c s /Ω, where c s (P/ρ) 1/2 is the sound speed in the disk.
ii. Angular Momentum Conservation: IfJ =Ṁ(GMr) 1/2 is the rate at which angular momentum is transported inward at radius r by the accretion of matter at accretion rateṀ, andJ I =Ṁ(GMr I ) 1/2 the rate at which angular momentum accreted onto the black hole at its innermost, stable, circular orbit radius (ISCO) r I = 3R S (R S is the black hole Schwarzschild radius), their difference implies the presence of a torque T = t rφ (2h · 2πr) × r =J −J I , which transfers their difference outward. In this expression t rφ is the viscous stress (i.e., the force per unit area in the φ−direction) and 2h the total thickness of the disk. It is generally assumed [2] that the viscous stress is proportional to the local pressure P, so that t rφ = α P with α < 1.
Angular momentum conservation then leads to the expression for the stress t rφ
The term in square brackets indicates the fact that matter freely falls onto the black hole for radii r < r I with ζ = 1 if the torques are also zero at the same point.
With the above expression for the stresses, one can then compute the heat generation rate per disk unit area, 2Q (Q is the emission from each side of the disk), considering that the energy so generated per unit volume is˙ = 2t rφ σ rφ , on substituting 2h t rφ from Equation (3) above, with
Therefore, the heat generated from a radius r 1 ( r I ) to infinity is
One should note that gravitational energy V from infinity to r 1 is released at a rate GMṀ/r 1 , but because of the virial theorem, 2T + V = 0, only half of this can be converted to heat, with the rest remaining as orbital energy (T = V/2). Thus, the rate at which gravitational energy is converted into heat is GMṀ/2r 1 .
The difference between the above expression and that of Equation (5) is provided by the viscous stresses which transport outward not only angular momentum but also energy at a rate [16] 
As noted in [15] , this is an important issue because in cases that the energy transferred by viscous stresses cannot be radiated away on a viscous time scale (e.g., ADAF), it leads to positive Bernoulli integral. Flows in 2D (i.e., r, φ) with Be > 0 would not be then possible to accrete. To remedy this situation, [15] proposed that the excess energy and angular momentum escape in the θ-direction in the form of a wind, thereby allowing matter in the disk to flow to the compact object. Because the disk span a large number of decades, the authors of [15] provided simple wind models with wind mass fluxṀ w depending on the radius e.g.,Ṁ =Ṁ(r) ∝ r p , 0 < p < 1, i.e., with mass flux increasing with radius; this should not be surprising, considering that so does the disk specific angular momentum. Therefore, as matter accretes through the disk, it also "peels-off" in a wind away from the disk plane, carrying away the excess disk angular momentum and torque -transferred energy from its inner sections, setting the disk Be to a negative value, while at the same time reducing the mass flux remaining in the disk to be accreted onto the compact object (the notion of a decreasing mass flux in the disk goes against the overwhelming majority of works on the subject). The outward increasing mass flux of these winds has significant observational consequences that appear consistent with observations [17, 18] . We propose that this last fact is responsible for much of the AGN and XRB phenomenology, as it will be discussed below.
General Accretion Disk Scalings
It is instructive to present the accretion disk equations in dimensionless form, as this makes apparent the dependence of their properties relative to their natural units, most notably their accretion rate in terms of the Eddington accretion rate and the Schwarzschild radius. Normalizing the disk radius r by R S , i.e., setting r = x R S , and its accretion rate by the Eddington accretion rate, i.e., settinġ M =ṁ ×Ṁ Edd , withṀ Edd = L Edd /c 2 = 2π m p cR S /σ T ∝ M, the hydrostatic equilibrium and angular momentum transfer equations (Equations (2) and (3)) can be both solved for the disk pressure P to obtain (bearing in mind the prescription t rφ = αP)
with J(x) = 1 − (3/x) 1/2 , and following the arguments given in the introduction we assume that the accretion rateṁ is also a function of the radius x.
From the above equations one can obtain an expression for the disk density n(x)
and for the energy emitted per unit disk area (from one of its sides)
The total luminosity can be obtained by integrating the above expression over the surface of the disk 2πr dr from r I to infinity, i.e., (one must use 2Q to take into account both sides of the disk)
It is generally assumed that the pressure P is given either by the sum of gas and radiation pressures, each becoming dominant at different radii of the disk and for different values of the accretion ratė m(x). Each such approximation leads to different run of the disk parameters with the radius x (see [19] for a detailed study). At present we will include also magnetic pressure. For simplicity, herein we will assume only gas and magnetic pressures P g , P B , with the magnetic pressure being dominant (see also [20] ) and the stresses being again proportional to α(P g + P B ). The presence of three components of the magnetic stresses makes the problem necessarily more complicated; however, we will consider here only their contribution to the vertical disk structure. The inclusion of magnetic field contribution in the disk vertical structure divorces the disk height from the local plasma temperature, thereby allowing transitions between hot and cool states as implied by observations and detailed in the next subsection.
Even at this simplified approach, the system likely entails far more detail than presented herein (e.g., field annihilation on an equatorial current sheet). Our simplified model averages all that over the disk height. Then the total pressure, in conjunction with the hydrostatic equilibrium expression, reads
where c s (x) is the sound speed of the gas. Considering that B 2 φ /4πρ(x) = V 2 A with V A the Alfvén velocity, and that GM/r = V 2 K , the disk Keplerian velocity, the hydrostatic equilibrium condition reads
where β(x) is the usual gas-to-magnetic pressures parameter of the plasma. From mass conservation (bearing in mind that, as discussed above the accretion rate depends on the radius r),Ṁ (x) = 2πhr n(x)m p V r (14) and employing Equation (9), we obtain an expression for the radial flow velocity V r V r c = 1
Considering that the viscous time scale
(with ν the coefficient of viscosity), the above expression implies ν r V r hV A [1 + β(x)] 1/2 , which if V A is replaced by the disk thermal velocity we obtained the standard result of ν h c s .
Finally, assuming proportionality of the magnetic field with the pressure P one can employ the equation of hydrostatic equilibrium and the expression of Equation (9), to obtain the scaling of the magnetic field B φ , i.e.,
and from that an expression for the Alfvén velocity; then one can easily see that the scaling of the rate at which magnetic flux is annihilated at the disk plane, B 2 φ V A , is very similar to that of Equation (10), suggesting that magnetic field annihilation could be the major contributor of accretion disk dissipation.
On ADAF and the Black Hole States
The introduction of Advection-Dominated Accretion Flows [11, 12] brought a totally different perspective in accretion flow physics from that of the standard Shakura-Sunyaev [2] . Accretion flows are now allowed to be thick (h r), with their ion temperatures T i ∼ m p (GM/r) 1 . The radial force balance is now effected not only by the centrifugal force Ω 2 r, but also by the gradient of the radial pressure, and the value of Ω is below its Keplerian value Ω K . At the same time, the gas is also heated, in addition to viscous stress heating, also by the radial compression of the flow; this alone leads to a temperature T ∝ n(x) (γ−1) , which for adiabatic index γ = 5/3 and density n(x) ∝ x −3/2 , leads to T ∝ 1/r and combined with viscous heating implies Ω 2 ∝ (5γ − 3)/r 3 → 0 as γ → 5/3, i.e., it precludes rotation of the flow [15] . This issue is circumvented (see [11] ) by including the magnetic field contribution to the plasma pressure, which reduces the effective γ below the value 5/3.
As noted in [11] , the presence of an ADAF, i.e., a flow with h r implies that the plasma remains hot, close to its virial temperature on time scales longer than its accretion time scale. Therefore, demanding its cooling time through Coulomb collisions, t cool ∼ 1/n(x)σ T c be longer than its viscous (or flow) time scale of Equation (16) implies
assuming in the last step that h r and J(x) 1, i.e., x 3. Thus, the presence or not of an ADAF depends on a single, global condition on the normalized accretionṁ and it is independent of the flow radius x or the mass of the system M. This provides a huge economy of assumptions in interpreting the spectra of accreting black holes, of wide applicability because of the mass independence of this criterion. However, while these flows are mass scale invariant they are of reduced radiative efficiency: Because the viscous time scale isṁ(< 1) times shorter than the radiative time scale, the power of viscous dissipation, released to heating the protons (same as in the SS73 disks), is advected into the black hole before it can be radiated away; the radiated power thenṁ time smaller than that produced 1 The electron temperatures are also hot, but their temperature is determined from the balance between Coulomb heating by the much hotter ions and the cooling processes that produce the observed X-ray emission; the cooling of electrons with T e ∼ 10 9 K becomes faster than their heating by protons of any temperature and limits their temperatures at the smallest flow radii to roughly this value. by viscous dissipation. So for ADAF the expression for the luminosity of Equation (11) should be L ∝ R Sṁ (x) 2 ∝ṁ(x) 2 M, rather than L ∝ṁ(x) M that is the case with the standard disks.
The possibility offered by ADAF, namely to include the high energy (E > 2 keV) emission of AGN and XRB as an integral part of the global accretion dynamics, has led to models that combine an SS73 disk at large radii (to produce the quasi-thermal component generally present in the spectra) with a transition of the flow to an ADAF at a radius r < r tr that accounts for their high energy X-rays. This way, one could reproduce the entire spectrum with a single accretion flow [13] . To account for the increasing dominance of the quasi-thermal disk component with the source luminosity, observed in individual XRBs on increase of their bolometric luminosity and in AGN statistically (by the variation of their α OX index with luminosity [4] ), they proposed that the transition radius, r tr , decreases with increasing luminosity. While appealing at first sight, these models vitiate the ADAF dependence of the single globalṁ. It is also hard to see how a cool, thin outer disk will convert into an ADAF at r < r tr ; finally, it is also not obvious why r tr would decrease with source luminosity. Some of these issues will be discussed in Section 4 with consideration of radius dependent accretion rates.
Accretion Disks Winds: An AGN Rosetta Stone?
The launch of HST, Chandra and XMM-Newton, ushered a new era in the study of accreting black holes and especially AGN. These observatories discovered that 50% of AGN exhibit blue-shifted absorption features in the UV and X-ray spectra [14] , presumably a manifestation of the presence of winds that are ubiquitous in accreting black holes. Of particular interest are the absorption features of their X-ray spectra, because they span a large range in velocity (v ∼ 0.5 c to v 300-500 km/s) and in ionization states of the plasma (from Fe XXVI to Fe II, much larger than their UV counterparts; the power of X-ray spectroscopy lies in that in the span of 1.5 decades in energy it encompasses ions that span 5 decades in ionization parameter ξ). These absorption features are thought to be the result of a wind photoionized by the AGN continuum and are broadly referred to as Warm Absorbers (WA), because of the inferred temperature of the corresponding plasma.
X-Ray Absorbers: Their Phenomenology and Implications
Considering that the observed winds are photoionized by the radiation of a point-like X-ray source and that we observe the radiation along a pencil beam from the X-ray source to us, the absorption spectra should probe the continuum of velocities, v(r), columns, N H (r), and densities, n(r), of the outflowing plasmas and the continuum of ionization parameter ξ = L/n(r)r 2 = L/N H (r)r along the observer's line of sight (LoS). Therefore, measurement of the absorption depth i.e., equivalent width (EW), (and also the velocity width if possible) of a transition, known to exist at a given range in ξ, provides the local wind column, N H (and velocity), while its ξ−value (for the observed N H and L) provides a measure of the distance of the given ion from the ionizing source, along the observer's LoS . Observations of N H , ξ for multiple ions can then be inverted to probe the wind density (and velocity) structure along our LoS.
This was in essence the approach of Behar and collaborators, ( [21] , hereafter HBK07) and ( [22] hereafter B09). In these two important papers, HBK07 and B09 introduced what they called the Absorption Measure Distribution AMD ≡ dN H /d log ξ, namely the Hydrogen equivalent column of an ion, N H , per log ξ. Assuming a power-law functional dependence of N H on ξ, namely N H ∝ ξ α , they produced a global fit of the detected, distinct ionic species of as many different elements as the observations allowed, to obtain a value for α. (Figure 1(Left) ). It is important to note that for a spatially smooth outflow, this relation implies a power-law density dependence on the wind along the observer's LoS, i.e., n(r) ∝ r −s , with s and α related via s = (2α + 1)/(α + 1). The values of α were found to be α 0 − 0.3, implying s 1 − 1.24 and N H ∝ r −s+1 ∝ r 0 − r 0.24 , a very weak r-dependence. The broad range in ξ (∼ 5 decades) and the almost 'flat' N H − ξ relation observed, preclude that the WA outflows be driven by radiation pressure or X-ray heating; such winds, because they are launched from regions of limited size, R l , they produce, at distances a few (∼ 10) times R l constant mass flux and velocity, resulting in density n(r) ∝ 1/r 2 and N H ∝ r −1 , in gross disagreement with observation; in their accelerating phase, their density dependence is a steeper function of r n(r) ∝ r −3 , implying that their ξ should decrease with r and so should their velocity, v(r), while their column should be larger at smaller r. All these dependencies disagree with observation.
To interpret the AMD relation and the WA observations of HBK07 and B09, Fukumura, Kazanas and collaborators [17, 18] (FKCB10a,b) concluded that these winds must be two dimensional (2D), launched across the entire disk domain. Motivated by these considerations they computed the photoionization of the self-similar 2D MHD winds of Contopoulos & Lovelace ( [23] hereafter CL94). These are 2D winds, generalizations of those of Blandford & Payne [24] . Because of their broad radial extent, they offer the possibility of a wide range of ξ; indeed the winds of CL94 provide radial density profiles of the form n(r) ∼ r −s (s 1), v(r) ∝ r −1/2 , consistent with the values inferred from the AMD analysis.
The winds of [24] imply radial density profiles n(r) ∝ r −3/2 which are too steep to be consistent with the WA data; however, the broad range of their launching radii has prompted several authors [25, 26] to employ them in modeling the AGN UV and optical line profiles.
The Wind Scaling Relations
The results of FKCB10a, though motivated by specific AGN, are quite general: The MHD Accretion disk winds, whose local velocities scale with the Keplerian (see CL94), are self-similar if the radius r is normalized to the BH Schwarzschild radius R S (x = r/R S , R S = 3 M km, with M ≡ (M/M )), their velocity to c (v(x)/c = x −1/2 ) and the mass flux rateṀ to the Eddington rate, i.e.,ṁ =Ṁ/Ṁ E , M E ≡ L E /c 2 (L E 1.3 × 10 38 M erg s −1 is the Eddington luminosity). So mass conservation in physical and dimensionless units reads respectivelẏ
with N (θ) e 5(π/2−θ) (see Figure 2 (Left) of FKCB10a). The density normalization is such that (integrated over θ) n(x 1)σ T R S τ(x 1) ∼ 3 10 5 Mσ T n(1) ṁ 0 , withṁ 0 the (normalized) mass flux at the smallest wind radius (x > ∼ 1). For a density profile such as that obtained from fits to the AGN WA, namely for n(x) ∝ x −s we obtain,
The relations of Equation (21) then suggest that for s 1 the wind mass flux increases with radius like x 1/2 , while the column is roughly constant independent of the distance, in agreement with the properties of ADIOS [15] .
The wind ionization parameter ξ, can also be cast in dimensionless units: If η, ( 10%) is the radiative efficiency of the accretion process, then the luminosity L can be written as L 10 38 ηṁ a M erg/s (ṁ a is the dimensionless accretion rate onto the BH to produce the luminosity L), yielding the for ξ
where f w =ṁ 0 /ṁ a (∼ 1) is the ratio of mass flux in wind and in accretion at the smallest radii and S(ν ion ) is a factor that determines the ionizing fraction of the bolometric luminosity produced by accretion onto the BH, related to the AGN α OX .
With respect to Equations (21) and (22), that provide the expression for the winds' mass flux, column and ionization, one should note that: (a) They are independent of the BH mass M and as such they could apply to an accreting black hole of any mass [27] . (b) The wind column N H depends mainly on the dimensionless mass flux at the smallest radiiṁ 0 and, depending on the value of s, it has a weak dependence on the (dimensionless) distance from the black hole x; however, it has a very strong dependence on the observer inclination angle θ giving the wind the toroidal appearance implied by the AGN unification scheme. (c) The wind ionization parameter ξ is independent of bothṁ and M and depends only on the (dimensionless) distance from the black hole x and the observer inclination angle θ. However, the wind's ionization structure and appearance (i.e., the velocities of its absorption features and the angular dependence of their column) depend crucially on the fraction of ionizing photons in the spectrum S(ν ion ) (α OX serves as its proxy in AGN) [18] and N (θ).
Our basic premise is that these winds are launched across the entire disk extent with velocities v(x) ∝ x −1/2 , in all accreting BH; as a result, the scalings discussed above should also correlate with the velocities of observed absorption features. In AGN with high X-ray content (Seyferts) the wind's inner region is fully ionized out to x > ∼ 10 3 , resulting in the occurrence of the highest ξ (∼ 10 4 , 10 5 ) absorption transitions (Fe XXV, Fe XXVI) at v ∼ cx −1/2 ∼ 10, 000 km/s; in the lower X-ray content BAL QSOs, the fully ionized region is much smaller (x ∼ 10 − 30) and the corresponding velocities much higher (v ∼ 0.3c; APM 08279+5255) [18, 28] ; finally, in galactic XRBs with S(ν ion ) 1 the wind is ionized out to x > ∼ 10 5 and the absorber velocities are v ∼ 300 -1000 km/s [27] , in agreement with our scalings.
We have discussed in this section the mass scale invariance of the MHD winds and the dependence of their obscuration (i.e., N H (x, θ), ξ(x, θ)) and their absorber velocities on sources' content of ionizing radiation and the wind mass flux. To close the gap in AGN (or XRB) phenomenology, one is left with finding a relation between the AGN (dimensionless) accretion rateṁ and the X-ray content, or broadly, the relative strengths of the BBB and the X-ray emission. This is discussed in the next section.
Accretion Disk Spectral Energy Distributions (SEDs)
It was shown above that the disk wind density profiles implied by the X-ray absorber observations are of the form n(x) ∝ x −s , with s 1. However (see Equation (21)), for winds with s < 3/2 the wind mass flux increases with radius, implying that the disk accretion rate must decreases toward the BH! ; as a result, only a small fraction of the available mass accretes onto the black hole [15] . Most importantly, if below some radius, x tr , the local accretion disk rate drops below the critical rateṁ α 2 (α is the disk viscosity parameter), then (see Equation (19) ) the disk can potentially make a transition to an ADAF flow [11] , in fact an ADIOS; this hot (T 10 9 K) segment occupies the AGN innermost region and constitutes the site of X-ray emission, in agreement with the X-ray variability properties and the microlensing observations. However, the condition of Equation (19) for the presence of an ADAF is necessary but not sufficient. One must still address the issue of heating up the "cold" protons of the outer part of the disk to their virial value, at r < r tr . In the absence of a more detailed theory, we propose here that their heating takes place at the equatorial current sheet of the accretion disk. The current sheet dissipation can provide energies for protons (and electrons) close to their virial one; the ability to retain these energies sufficiently long to affect the disk structure depends on the disk average density at this specific radius, i.e., on the local value ofṁ. Therefore, the picture of black hole states envisioned in [13] can be realized for accretion disks with variable (in r) accretion rates.
In Figure 2 (Middle,Right) below we show the SEDs of two AGN: the Broad Line Seyfert 1 (BLS1) galaxy NGC 5548 [29] and that of the Narrow-Line Seyfert 1 (NLS1) PG 1244+026 [30] . These exemplify the drastically different SED distributions of these two Seyfert galaxies, even though they both belong to the same broad AGN category. Their most obvious difference is that of the relative importance of their BBB (Optical-UV) and X-ray emissions. The bolometric luminosity of NGC 5548 is dominated by the X-ray emission, while that of the PG 1244+026 by the UV one. Considering that it is broadly assumed that the BBB emission comes from a disk that terminates in the ISCO, one would expect that emission to be always the dominant one.
We propose that this distinctive difference is related to the radius-dependent mass accretion rate of their corresponding disks, effected by the presence of MHD winds which remove progressively most of the mass available for accretion as the disk plasma sinks toward the black hole. As we noted earlier when, at some transition radius r tr , the local accretion rate becomes smaller than α 2 , the disk transits to an ADAF (or rather an ADIOS) state for radii r < r tr , while maintaining the standard SS73 disk form at r > t tr . Considering that at its r < r tr segment, where the X-rays are produced, the luminosity has smaller efficiency withṁ, i.e., L X ∝ṁ(r) 2 vs. L UV ∝ṁ(r) for r > t tr , but it is produced at a deeper gravitational potential, their relative ratios will depend on the transition radius r tr . Furthermore, as the global mass flux, i.e., that provided at the outer edge of the accretion flow,ṁ(x), and the ensuing luminosity increase, the transition radius r tr will shift to smaller r, with the importance of the thermal component increasing, as suggested by [13] in their attempt to account for the XRB spectral evolution.
With the above qualifications and assumptions, we can express quantitatively the relative importance of the BBB and X-ray components in the AGN spectra. We assume, to be specific, that the index s 1, so that x tr is given by the expressioṅ
Then from Equation (11) we obtain the following expressions of L(x > x tr ) and L(x < x tr )
One should note that the ratio R of these two luminosities is proportional to 1/α 2 :
with the last equality because of Equation (23) and with P1, P2 the values of the square brackets in Equations (24) and (25) respectively. Figure 2(Left) depicts the ratio R as a function of the transition radius x tr , for x I = 1.5, ζ = 1 and α = 1/3. 2 Of interest in this figure is the value of x tr 100 for which R 1, because this sets the size of the disk at which the cool/thin disk quasi-thermal luminosity matches that of the harder radiation produced in the advection-dominated accretion flow section. This will then correspond to the spectrum of NGC 5548 of Figure 2 (Middle). On the other hand, the spectrum of PG 1124+026, implies x tr 3 − 5, consistent with the largerṁ associated with NLS1 galaxies. The spectra are also steeper, considering that the transfer of proton energy to electrons is not very efficient in the narrow range of radii that the ADAF flow is allowed in this AGN.
Discussion, Conclusions
We described above that the multidimensional phenomenology associated with the appearance and spectral distribution of AGN (and XRB) can be reduced to a small number of dimensionless global parameters of these systems, most notably the dimensionless accretion rateṁ and their disk inclination angle θ. The underlying black hole mass, while important in providing a scale of the absolute luminosity for a givenṁ, it is also important in determining the temperature of the thermal BBB component of the accretion disk; however, this effect is only weakly dependent on this mass (∝ M −1/4 ), it is well understood and largely under control. Apart from this component, the rest of the accretion disk and wind properties (ionization, column density, velocity) appear to be mass independent. While many details remain elusive, the radial dependence of the disk accretion rate, implied by the apparent increase in the wind mass flux with radius, is the crucial novel notion in this analysis. It is this notion that allows for a coherent picture of their combined X-ray-UV-Optical spectra, with the relative importance and spatial location of these components strongly dependent on the value ofṁ as described and in good agreement with observation. Finally, the angular dependence of the MHD winds, implies a strong dependence of their properties on the disk inclination angle, a feature generally known as AGN Unification. While some reasons for the inferred increase in the disk wind mass flux with distance are given above, the detailed underlying physics of this most important issue, namely the connection the disk structure with the wind properties is still not entirely clear. We hope that this note will motivate a more focused activity on this issue. Perhaps the generation of magnetic flux near the disk inner edge by the Cosmic Battery effect [32] [33] [34] plays a role in this respect. 2 While this value may appear too large, one should note that [20] , argue that for disks at which the pressure is dominated by magnetic fields α = 1/ √ 3, while [31] in their study of shear-box simulations with a net magnetic flux find α 1 for disks with gas to (poloidal) magnetic pressure, greater than 0.01.
We have refrained in this note from discussing the line emission in AGN. This constitutes an entire subject onto itself. We believe that it is relevant to the issues discussed herein because the plasma responsible for the absorption will also produce line emission. Actually, the X-ray absorbers that motivated our work probe only a small fraction of the entire wind phase space, namely the small pencil beam from the X-ray source along the observer's LoS; the AGN line emission provides information about the entire phase space of these winds; it remains to be seen whether it is consistent with the ideas promoted herein. There is clearly more work to be done; we believe that our work points to the correct direction.
Finally, the issue of MHD winds discussed in the previous sections, while focused on radio quiet AGN, is also relevant to the physics of radio loud ones, in particular blazars. The reason for that is that these winds, of columns that depend mainly onṁ, reprocess and isotropize the disk radiation so that it can be reprocessed by the relativistic jet propagating along the disk axis as "External Inverse Compton" γ-rays. In a recent publication [35] we showed how the blazar phenomenology, known as the "blazar sequence" can be reproduced by variation of a single parameter, that again beingṁ, indicating an underlying economy of parameters across the entire field of AGN physics.
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